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(57) ABSTRACT

A method for fabricating watfer-level packages including lat-
eral interconnects. The method 1ncludes precutting a cover
waler at the locations where the cover water will be com-
pletely cut through to separate the water-level packages. The
cover waler 1s bonded to the substrate water using bonding
rings so as to seal the integrated circuit within a cavity
between the cover water and the substrate wafer, where the
precuts face the substrate wafer. The cover water 1s then cut at
the precut locations to remove the unwanted portions of the
cover waler between the packages and expose contacts or
probe pads for the lateral interconnects. The substrate watfer 1s
then cut between the waler-level packages to separate the
packages.

17 Claims, 3 Drawing Sheets
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METHOD OF EXPOSING CIRCUIT LATERAL
INTERCONNECT CONTACTS BY WAFKER
S AW

GOVERNMENT CLAUS.

L1

This invention was made with Government support under

F33615-02-C-1185 awarded by the United States Air Force.
The Government has certain rights in this imnvention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a method for separating,
waler-level packages from a waier and, more particularly, to
a method for separating water-level packages that use lateral
interconnects from a water that includes precutting a cover
waler between the waler-level packages betfore the cover
waler 1s mounted to a substrate wafer on which integrated
circuits are provided.

2. Discussion of the Related Art

It 1s known 1n the art to provide waler-level packages for
integrated circuits, such as monolithic millimeter-wave nte-
grated circuits (MMIC), formed on a substrate wafer. In one
waler-level package design, a cover water 1s mounted to the
substrate waler using a bonding ring so as to provide a her-
metically sealed cavity 1n which one or more integrated cir-
cuits are provided. Typically, many integrated circuits are
formed on a substrate water and covered by a single cover
waler as a batch integration, where each integrated circuit 1s
surrounded by a separate bonding ring. The cover water and
substrate are then diced between the bonding rings to separate
the packages for each integrated circuit. The dicing process
typically uses a water saw that cuts the cover water between
the packages where a portion of the cover waler may be
removed. The substrate water 1s then cut between the pack-
ages.

For these types of water-level packages, interconnects to
the integrated circuit within the cavity are typically made in
two ways. In a first technique, vertical vias are provided
through the cover water for a connection to electrical signal
traces within the cavity. In a second technique, a lateral inter-
connect 1s provided where signal and ground traces extend
through the bonding ring and are accessible laterally from the
integrated circuit outside of the package. Lateral intercon-
nects are traditionally very difficult to implement using
waler-scale assembly and bonding methods because contact
pads for the circuits are relatively maccessible. Further, the
cover watler 1s very thin. Therefore, when dicing the cover
waler between the packages, the saw blade sometimes cuts
through the lateral interconnects severing the connection.

Probe pads are generally provided on the lateral intercon-
nect for testing and probing purposes to allow the integrated
circuits to be tested at the water level. Thus, the probe pad
needs to be exposed to allow access thereto. For lateral inter-
connects, this requires that a portion of the cover wafer
between the packages be removed. In an alternate process,
deep reactive 1on etching (DRIE) or dry etching methods can
be employed to etch the substrates so the probe pad 1s
exposed. However, such an etching process 1s typically com-
plex because etching through the substrates 1s material depen-
dent, where a different chemistry 1s required, and the process
1s typically very slow and costly. Further, proper protection to
the etching chemicals or gas may need to be implemented to
protect the probe pads and the thin-film layers beneath. Also,
depending on the substrate material and thickness, dry etch-
ing may be impractical or impossible. For example, quartz
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substrates cannot be etched easily with a dry etch, and 1s
almost impossible to etch quartz substrates greater than 300
um with a dry etch.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention,
a method for fabricating water-level packages including lat-
eral interconnects 1s disclosed. The method includes precut-
ting a cover waler at the locations where the cover water will
be completely cut through to separate the water-level pack-
ages. The cover water 1s bonded to the substrate wafer using
bonding rings so as to seal the integrated circuit within a
cavity between the cover waler and the substrate water, where
the precuts face the substrate water. The cover water 1s then
cut at the precut locations to remove the unwanted portions of
the cover water between the packages and expose contacts or
probe pads on the lateral interconnects. The substrate water 1s
then cut between the waler-level packages to separate the
packages.

Additional features of the present invention will become
apparent from the following description and appended
claims, taken in conjunction with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a cover waler for waler-
level packaging;

FIG. 2 1s a cross-sectional view of a substrate wafer that
includes integrated circuits for water-level packaging;

FIG. 3 1s a cross-sectional view of the cover waler shown 1in
FIG. 1 including precuts;

FIG. 4 1s a cross-sectional view of the cover water bonded
to the substrate waler and defining the watfer-level packages;

FIG. § 1s a cross-sectional view of the bonded cover watler
and substrate wafer shown in FI1G. 4 with the cover wafer cut
completely through;

FIG. 6 1s a cross-sectional view of the cut portions of the
cover waler removed;

FIG. 7 1s a cross-sectional view of a separated waler-level
package; and

FIG. 8 1s a top view of a waler-level package including an
MEMS switch electrically coupled to imput and output copla-
nar waveguides using lateral interconnects.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The following discussion of the embodiments of the inven-
tion directed to a method for providing water-level packages
having lateral interconnects using cover waler precuts 1s
merely exemplary 1in nature, and 1s in no way intended to limit
the invention or 1ts applications or uses.

FIG. 11s a cross-sectional view of a cover water 10 that will
be part of waler-level packages for integrated circuits. The
cover waler 10 can be made of any suitable material for a
particular application, such as silicon, glass, I1I-V compound
semiconductors, etc. Further, the cover water 10 can have any
suitable thickness for a particular application, such as 100
um. A plurality of rings 12 are fabricated on a surface 20 of the
cover waler 10 for reasons that will become apparent from the
discussion below. In one embodiment, the rings 12 include a
gold (Au) layer and a bonding layer.

FIG. 2 15 a cross-sectional view of a substrate water 14 on
which integrated circuits 16 are formed by any suitable inte-
grated circuit fabrication process. The substrate water 14 can
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be any suitable substrate wafer for water-level packaging of
the type discussed herein, such as silicon, group I11I-V semi-
conductors, etc. The integrated circuits 16 are intended to
represent any suitable number of circuits for any suitable
component or device, such as an MMIC. A ring 18 1s formed
around each itegrated circuit 16, and can also be a gold (Au)
ring having a bonding layer. A desired configuration of signal
traces, microstrip lines, coplanar waveguides, etc. are fabri-
cated on a top surface 22 of the substrate water 14 to provide
signal contact and ground contact to the integrated circuit 16,
as 1s well understood in the art. These various signal and
ground plane interconnects are represented as layer 24. The
layer 24 represents a lateral interconnect to the integrated
circuit 16 of the type discussed above, where the layer 24
extends under the ring 20. A contact or probe pad 28 1is
tabricated on the layer 24 outside of the ring 18. A layer 26 1s
also provided between the substrate water 14 and the ring 18,
and 1s deposited with the layer 24.

Two water-level packages for enclosing the integrated cir-
cuits 16 are shown 1n FIGS. 1 and 2. Of course, 1n a real
application, many such water-level packages will be fabri-
cated on a common substrate wafer.

Once the various water-level packages have been formed,
it 1s necessary to separate the packages from the wafer by
dicing or sawing between the packages. According to the
invention, a series of precuts 30 are provided through the
surface 20 and partially through the cover water 10 before the
cover waler 10 1s bonded to the substrate water 14. FIG. 3 1s
a cross-sectional view of the cover water 10 showing the
precuts 30 formed outside of the rings 12. The precuts 30 are
made by a waler saw including a saw blade 32 to a desired
depth. In this non-limiting embodiment, the precuts 30 are
provided about half-way through the cover water 10 so that
the cover water 10 can still be handled as a single unit without
loss of integrity. The precuts 30 provide saw depth control 1n
a practical manner to avoid damage to the lateral interconnect
layer 24 after the cover water 10 1s bonded to the substrate
waler 14, as will become more apparent from the discussion
below.

Next, the cover water 10 1s bonded to the substrate wafer
14, as shown 1n FIG. 4. Particularly, the rings 12 are aligned
with the rings 18, and a suitable low-temperature bonding,
process 1s used so that the bonding layer on the bonding rings
12 and 18 join to provide a bonding ring 34 that defines a
cavity 36 1n which the integrated circuits 16 are hermetically
sealed. In one non-limiting embodiment, the cavity 36 has a
height 1n the range of 5 um-100 um. By providing the precuts
30 through the surface of the cover water 10 that includes the
rings 12, the precuts 30 now face the substrate water 14

allowing the second saw cut to be significantly removed from
the lateral interconnect layer 24

Once the cover water 10 1s bonded to the substrate water
14, a second cut 40 by a suitable wafer saw 1s provided
through the cover water 10 directly opposite to the precuts 30
to begin the process of separating the waler-level packages
from each other. Because the precuts 30 are provided in the
cover waler 10, the depth of the second cut 40 through the
cover waler 14 does not need to extend completely through
the cover water 10, and thus, the saw blade 32 will not be 1n
jeopardy of contacting and damaging the lateral interconnect
layer 24.

FIG. 6 15 a cross-sectional view of the substrate water 14
showing the removed portions of the cover water 10 between
the now defined wafer-level packages 42. As 1s apparent, the
pads 28 are now readily accessible to provide test probing,
and other things. Next, the substrate water 14 1s diced
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between the waler-level packages 42 so as to separate them. A
cross-sectional view of one of the water-level packages 42 1s

shown 1n FIG. 7.

By providing a metal bonding ring and lateral
teedthroughs, maintaining a low-loss 50-ochm 1nterconnec-
tion requires special REF design. The bonding ring 34 1s
grounded so that the feedthrough trace 1s an inverted micros-
trip with a very thin silicon nitride dielectric.

FIG. 8 1s a top plan view of an integrated circuit water-level
package 50 including a substrate water 52, where the cover
waler has been removed for clarity. A metal bonding ring 54
1s provided on a substrate 52 to provide a hermetically sealed
cavity 56. In this embodiment, the wafer-level package 50 1s
an enclosure for a micro-electromechanical switch (MEMS)
58. An input coplanar waveguide (CPW) 60 1s provided on the
substrate 32 outside of the ring 54, and 1s electrically coupled
to a CPW 62 within the cavity 36 by an inverted microstrip
line 64 provided under or through the ring 54. The microstrip
line 64 1s positioned relative to the ring 54 to provide a ground
plane. The CPW 60 includes a high Z meandering line 66 and
the CPW 62 includes a high 7Z meandering line 68 electrically
coupled to the microstrip line 64 for impedance matching
purposes. Likewise, a CPW 72 1s provided on the substrate 52
outside of the ring 54 and opposite to the MEMS 38, and 1s
clectrically coupled to a CPW 74 within the cavity 56 by an
iverted microstrip line 76 provided under or through the ring
54. The CPW 72 includes ahigh Z meandering line 78 and the
CPW 74 1ncludes a high 7Z meandering line 80 electrically
coupled to the microstrip line 76 for impedance matching
PUrposes.

The foregoing discussion discloses and describes merely
exemplary embodiments of the present invention. One skilled
in the art will readily recognize from such discussion, and
from the accompanying drawings and claims, that various
changes, modifications and variations can be made therein
without departing from the spirit and scope of the invention as
defined 1n the following claims.

What 1s claimed 1s:
1. A method for fabricating water-level packages compris-
ng:
providing a cover waler including a first surface and a
second surface;
depositing a plurality of cover wafer rings on the first
surface of the cover wafer;

precutting the cover water through the first surface and
partially through the cover wafer so as to provide precuts
at a plurality of predetermined locations;

providing a substrate water;

fabricating a plurality of integrated circuits on the substrate
wafer:;

depositing a substrate wafer ring around one or more inte-
grated circuits on the substrate waier;

providing a lateral interconnect from one or more inte-
grated circuits through 1ts associated substrate wafer
rng;

bonding the substrate wafer rings to the cover waler rings
to provide bonding rings that define cavities between the

cover water and the substrate water in which the inte-
grated circuits are provided;

cutting the cover waler through the second surface of the
cover waler at the locations where the precuts are pro-
vided so as to remove portions of the cover waler
between adjacent precuts and between the bonding rings
and exposing the lateral interconnects where the lateral
interconnects are laterally spaced from the cuts; and
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cutting the substrate water between the bonding rings and
laterally adjacent to the lateral interconnects so as to
separate waler-level packages.

2. The method according to claim 1 wherein precutting the
cover waler includes precutting the cover water about hali-
way through the cover water.

3. The method according to claim 1 wherein depositing a
plurality of cover waler rings and depositing a substrate waler
ring around each integrated circuit include depositing rings
having a gold layer and an indium layer where the indium
layers are joined together to form the bonding ring.

4. The method according to claim 1 wherein providing a
cover waler includes providing a cover water about 100 um
thick.

5. The method according to claim 1 wherein fabricating a
plurality of integrated circuits includes fabricating a plurality
of integrated circuits including a micro-electromechanical
switch.

6. The method according to claim 1 wherein providing a
lateral interconnect includes providing a coplanar waveguide.

7. The method according to claim 1 wherein providing a
lateral interconnect includes providing a microstrip line.

8. The method according to claim 7 where the microstrip
line 1s an inverted microstrip line extending under a metal
bonding ring.

9. The method according to claim 1 wherein precutting the
cover waler, cutting the cover water and cutting the substrate
include using a water saw blade.

10. The method according to claim 1 wherein cutting the
cover waler through the second surface of the cover wafer
includes cutting the cover water through the second surface of
the cover waler so that the cutting device does not extend
completely through the cover wafer.

11. A method for fabricating a water-level package com-
prising:

providing a cover waler including a first surface and a

second surface;:

precutting the cover wafer at a plurality of predetermined

locations through the first surface and partially through
the cover waler so as to provide precuts;

providing a substrate water including a plurality of inte-

grated circuits;

bonding the cover water to the substrate water so that the

precuts face the substrate water; and
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cutting the cover water through the second surface of the
cover waler at the locations where the precuts are pro-
vided so as to remove portions of the cover waler
between adjacent precuts.

12. The method according to claim 11 wherein cutting the
cover waler through the second surface of the cover wafer
includes cutting the cover water through the second surface of
the cover waler so that the cutting device does not extend
completely through the cover wafter.

13. The method according to claim 11 wherein precutting
the cover waler includes precutting the cover water about
half-way through the cover wafer.

14. The method according to claim 11 wherein precutting
the cover waler includes using a wafter saw blade.

15. The method according to claim 11 further comprising
providing a lateral interconnect formed on the substrate water
and extending through a bonding ring.

16. A method for fabricating a water-level package com-
prising:

providing a cover waler including a first surface and a

second surtface;

precutting the cover waler using a waler saw through the

first surface and partially through the cover water so as to
provide precuts;

providing a substrate water including a plurality of inte-

grated circuits;

providing lateral interconnects electrically coupled to the

integrated circuits and extending through a bonding
rng;
bonding the cover water to the substrate wafer using the
bonding ring so that the precuts face the substrate water;

cutting the cover water through the second surface of the
cover waler at the locations where the precuts are pro-
vided so as to remove portions of the cover waler
between adjacent precuts and between bonding rings
and exposing the lateral interconnects where the lateral
interconnects are laterally spaced from the cuts; and

cutting the substrate wafer between the bonding rings and
laterally adjacent to the lateral interconnects so as to
separate waler-level packages.

17. The method according to claim 16 wherein precutting
the cover waler includes precutting the cover water about
half-way through the cover wafer.
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